Deforestation is an important matter for the argan forest whose preservation necessitates planting trees. Macroscopic parameters are urgently needed to identify trees presenting good potential as oil producers. This study demonstrates that argan oil produced from kernels of apiculate fruit is richer in d-tocopherol, whereas oil produced from spherical fruit is richer in linoleic acid, and that produced from fusiform fruit is richer in oleic acid. Therefore, the use of fruit-form as a marker could permit an easy organic production of "naturally enriched" oils.
The xerophytic vegetation of south-western Morocco is overwhelmingly dominated by the argan tree [Argania spinosa (L.) Skeels] of the family Sapotaceae [1] . Exclusively naturally endemic in Morocco, the argan tree plays a major role in the biodiversity of the argan forest, and economy as well [2] . However, overgrazing, overexploitation, excessive clearance of woodlands, improper tapping, and consecutive droughts are currently dramatically endangering the argan grove [2] .
Edible [3] and cosmetic [4] grade argan oils are rising stars in the press-oil kingdom and their commercial success is rapidly modifying the fragile equilibrium of the argan forest [5, 6] . Even though the argan oil preparative process has been improved over the years, it is still basically prepared by crushing argan kernels [2] . The world-wide commercial success encountered by argan oil has triggered a vast government-supported domestication and preservation program of the argan tree in Morocco. This program, principally aimed at managing the argan forest by sustainably developing the production of argan oil, includes a reforestation part. Therefore, markers for selecting the best trees that will perpetuate the argan forest's high productivity status are particularly looked for by foresters, oil producers, and Moroccan government agencies. Tree quality can be expressed in several different terms: kernel oil content, oil composition of major and/or minor components, oil preservation, easiness of kernel-crushing, easiness of stone breaking, or tree resistance to dryness. Because studies linking oil quality and macroscopic tree-characters are scarce and principally focused on horticultural criteria [7] [8] [9] [10] , tree selection is difficult, so far. Interestingly, due to minor genotypic variations, argan fruit can be apiculate, spherical, oval, or fusiform. The objective of this study was to compare the chemical composition and oxidative stability of argan oils prepared from the kernels of fruit of different shapes to evaluate if the fruit form could be used as a selection marker to identify the most promising trees.
The quantity of oil obtained from argan kernels varied significantly as a function of the fruit form (Table 1) . Indeed, whereas kernels from oval fruit delivered argan oil in 42.8% yield, apiculate fruit afforded 58.6% of oil. If this clearly indicates that kernels from apiculate fruit deliver more oil than any other type of kernels, it must be noted that these results do not mean that kernels from apiculate fruit necessarily contain more oil than the other kernels. Indeed, it cannot be discarded that, due, for example, to kernel brittleness differences, oil extraction from kernels of apiculate fruit occurs in higher yields. Kernels from fusiform or spherical fruit delivered argan oil in similar percentages (53-54%). No significant variation was observed in the free acidity of the four oils (Table1). Free acidity never exceeded the upper limit of 0.8% imposed by the official norm (SNIMA) [11] . Refraction index of each oil sample did not present any significant difference. Peroxide value and UV data are markers to assess the state of the different stages that lead to oil oxidation, then rancidity. All oil samples (Table 1) presented a low peroxide value: between 1.10 and 1.78 meqO 2 /kg. Together with extinction coefficient values of 232 and 270 nm (K 232 and K 270 , respectively, Table 1 ), these combined parameters attested that samples from the four forms of fruit presented a similar and satisfactory initial state. Therefore, these results allow discarding the hypothesis of a higher quantitative release of argan oil from the kernels of apiculate fruit consecutively to a higher oxidative (or altered) state. These results also demonstrated that each of the oils had a satisfactory profile in terms of official norm. Therefore any type of tree should be considered as desirable.
Oleic and linoleic acids were the major fatty acids identified in each oil. Palmitic and stearic acids were found in smaller amount. Linolenic, arachidic, and gadoleic acids were only present as traces. Interestingly, in argan oil from spherical fruit, linoleic acid was found to constitute 35.6% of the total fatty acid content. This value was significantly different from the linoleic acid content of the argan oil from fusiform fruit that was only 29.4%. Also, oleic acid concentration was found to be significantly higher in argan oil from fusiform fruit than spherical fruit (49.1 vs 44.2%, respectively). Therefore, the production of naturally enriched linoleic-or oleicacid argan oil can be seriously envisioned after tree selection. Interestingly, the (un)saturated fatty acid contents of the four types of oil were not significantly different. Sterols found in argan oil are considered to be important nutrients for human health [12] . Results of the sterol analysis are presented as a percentage of the total sterol content Table 4 . Campesterol was consistently found in very low concentration, independently of fruit shape. This parameter is essential since low campesterol content is a marker to detect adulteration of argan oil with other common, cheap vegetable oils [13] . Therefore, this method remains perfectly useable, even with argan oil prepared from a single form of fruit. Concerning the four major sterols of argan oil, each analyzed sample contained between 164 and 178 mg of sterol/100 g of oil, with the highest total sterol level observed in the oil from apiculate fruit.
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Tocopherols constitute a group of molecules presenting vitamin E and strong antioxidant activities. One specificity of argan oil is its high content of tocopherols, γ-tocopherol being the major one [14] . Table 5 shows the tocopherol content of the four oil samples. Interestingly, γ-tocopherol levels in argan oil from apiculate and oval fruit were much higher than in oil from fusiform and spherical fruit. In oil prepared from apiculate and oval fruit, the -tocopherol level was in the range of 675 mg/kg of oil, whereas in oil from fusiform and spherical fruit, levels were 540 mg/kg of oil. Oil prepared from apiculate fruit was also rich in -tocopherol. Only oil from oval fruit contained a high level of -tocopherol. Overall, the oil from apiculate and oval fruit are richer in tocopherols than that from fusiform and spherical fruit. Again this analysis is helpful to produce naturally argan oil enriched in tocopherols. Oxidative stability is another important factor to depict oil quality. It can be evaluated from the Rancimat induction time [15] . Under the accelerated conditions and at 110°C, oils from the four fruit shapes showed a high resistance to oxidation and no significant differences were observed between the four oils. All presented an oxidative induction period between 18 and 21±1.5 hours. Hence, the lower tocopherol contents in the oil from spherical or fusiform fruit did not significantly impact on the oxidative stability of the oil.
Prior to this work, only fatty acid and tocopherol composition of argan oil from three types of fruit had been studied [6] . The results of our full analysis clearly show that tree selection based on the fruit shape should permit the natural production of argan oil enriched in tocopherols and/or linoleic acid, and/or oleic acids from apiculate fruit, spherical, or fusiform fruit, respectively. Considering the tremendous potential of argan oil [16] , such enriched oils might be of major importance in the highly and permanently competitive edible-and cosmetic-oil fields [17] .
Experimental
Vegetal samples: Argan fruit was hand-picked in Taroudant County (south-western Morocco) in August 2008. Fruit was air-dried for 3 weeks, mechanically dehulled (SMIR Technotour, Agadir, Morocco), and nuts were manually opened to afford the kernels.
Chemicals and materials:
All reagents were of either analytical or HPLC grade. Iso-octane and iso-propanol, used as the HPLC mobile phase, and cyclohexane used for extinction coefficient determinations, were purchased from Professional Labo (Casablanca, Morocco).
Oil extraction and yield quantification:
Twenty g of ground kernels were extracted in a Soxhlet apparatus with 150 mL of boiling n-hexane for 8 h. The organic phase was collected, concentrated under vacuum, and dried for 5 min at 105°C. Extraction yield was determined using the official recommendation [18] , and the oil was used for the analyses.
Physicochemical parameters: Determination of physicochemical parameters (acidity, peroxide value and UV absorption), was carried out according to the analytical methods described for olive oil by the European Union Commission Regulation [19] . Acidity, given as percentage of oleic acid, was determined by titration of a solution of oil dissolved in EtOH/Et 2 O (1:1) with 0.1 M KOH in EtOH. To determine the peroxide value, expressed as meq/kg oil, a mixture of Chemical composition of argan oils prepared fruit of different shapes Natural Product Communications Vol. 8 (1) 2013 27 oil and iso-octane-acetic acid was left to react with a solution of KI in darkness; the free iodine was then titrated with sodium thiosulfate solution. K 270 and K 232 extinction coefficients were determined from absorption at : 270 and 232 nm, respectively, with a UV spectrophotometer (CARY 100, Varian), using pure cyclohexane as a blank. Refractive index was measured at 20°C (±0.2 °C) on a NAR-1T refractometer (Atago, Bellevue, WA) according to the AOCS procedure [12] .
Fatty acids composition:
Oil samples were saponified according to the AOCS standard method Ce 2-66 [20] . Into 5 mL screw top test tubes, 0.60 g of oil and 4 mL of iso-octane were introduced, followed by 0.20 mL of 2N methanolic KOH solution. Tubes were tightened with a screw cap provided with a PTEF joint, then vigorously shaken. The upper layer was separated and methyl esters were extracted with n-hexane. Aliquots (1 μL) were injected into a gas chromatograph (Varian CP-3800, Varian Inc.) equipped with a FID. The column used was a CP-Wax 52CB column (30 m×0.25 mm i.d.; Varian Inc., Middelburg, The Netherlands). The carrier gas was helium, and the total gas flow rate was 1 mL/min. The initial column temperature was 170°C, and the final temperature 230°C; the temperature was increased by steps of 4°C/min. The injector and detector temperature was 230°C. Data were processed using Varian Star Workstation v 6.30 (Varian Inc., Walnut Creek, CA). 
Sterol determination:
The sterol fraction extracted from argan oil was analyzed using -cholestanol as internal standard [22] . To 5 g of argan oil, 500 mL of a 0.2% solution of -cholestanol in chloroform was added. Saponification was performed using 2N ethanolic KOH solution. After 1h of boiling, 100 mL of water was added and extraction of unsaponifiable matter was carried out using 200 mL of Et 2 O. The organic solution was collected, evaporated, and 20 mg of unsaponifiable matter was dissolved in 0.5 mL of chloroform then chromatographed on a silica gel plate eluted with a mixture of n-hexane and diethylether (65:35 v/v). Then the plate was sprayed with a solution of 2,7-dichlorofluorescein (0.2% in EtOH), and the band corresponding to sterols carefully removed. The silicagel recovered from the plate was suspended in chloroform and filtered through a paper filter. The solvent was evaporated under N 2 and the sterol composition determined after trimethylsilylation of the crude sterol fraction. Trimethylsilylated derivatives were analyzed by GC using a Varian 3800 instrument equipped with a VF-1ms column (30 m, 0.25 mm i.d.) using helium (flow rate 1.6 mL/min) as carrier gas. Column temperature was isothermal at 270°C; injector and detector temperature was 300°C. Injected quantity was 1 mL for each analysis.
Triglycerides: Triglyceride composition was determined by HPLC analysis using a C18 analytical column (250 x 4.6 mm) packed with silica according to EEC/2568/91 regulation [19] . Triglycerides were identified by comparing, under the same analytical conditions, their retention time to that of standard triglycerides. A mobile phase of dry acetonitrile/acetone (50:50, v/v) was used at the rate of 0.5 mL/min. Detection was performed using a HP10 47A refractometer.
Oil stability: Oil oxidative stability was evaluated by the Rancimat method [15] . Stability was expressed as the oxidative induction period (IP, h) measured at 110°C on a Rancimat 743 (Metrohm Co, Basel) apparatus using 3 g of oil sample with an air flow of 20 L/h. Volatile oxidation products were stripped from the oil and dissolved in cold water, whose conductivity increased progressively. The time taken to reach a level of conductivity was measured Statistical analysis: Values reported in tables are the means ± SE of 3-5 replications. The significance level was set at P = 0.05. Separation of means was performed by Tukey's test at the 0.05 significance level
